We have identified four new hepatitis C virus (HCV) isolates whose genomic RNA could be amplified by PCR using primers from the 5' untranslated region (UTR), but the RNA could not be detected with genotype I to IV (or types la, lb, 2a and 2b respectively)-specific core region-derived primers. We compared the nucleotide sequences of the new isolates from positions 65 to 1850 (3' end of 5' UTR, C, E1 and 5' end of E2/NS1) and 8276 to 9394 (3' end of NS5 and 3' UTR) with those for genotypes I to IV. The four isolates had the following characteristics: (i) the overall nucleotide sequence similarity between the four isolates was 95 to 96 %, compared to 73 to 74 %, 73 %, 70 % or 69 to 70 % against genotypes I, II, III or IV, respectively; (ii) the sequence similarity to other reported 'type V (3a)' isolates was 88 to 100 %; (iii) the hypervariable region 1 [(HVR)-I] was present but HVR-2 was absent within the E2/NS1 region; (iv) only one in-frame termination codon was present for the presumed polyprotein; (v) the 3' UTR preceding a terminal poly(U) stretch was significantly shorter than in genotype I to IV isolates.
As the number of hepatitis C virus (HCV) isolates analysed for genomic sequence increases, the heterogeneity of HCV genotypes is becoming apparent. Four genotypes, I, II, III and IV [corresponding respectively to types la, lb, 2a and 2b according to a classification proposed by McOmish et al. (1993) and Simmonds et al. (1993) ; to avoid confusion, we use our genotype nomenclature along with Simmonds' group's system in parenthesis throughout this text], have so far been sufficient for categorizing all of the 30 HCV isolates with published partial or full-length genome sequences (Okamoto et al., 1992a) . However, recent reports have suggested the presence of a fifth genotype of HCV (Mori The nucleotide sequence data reported in this paper have been deposited in the DDBJ, GenBank and EMBL nucleotide sequence databases under the following accession numbers: D 14305 (5' terminus) and D14306 (3' terminus) for NZL1 ; D14307 (5' terminus) and D14308 (Y terminus) for Th85; D14309 (5' terminus) and D14310 (Y terminus) for USI14; D14311 (5' terminus) and D14312 (3' terminus) for HEM26. et al., 1992; Chan et al., 1992; Bukh et al., 1992; Cha et al., 1992; Lee et al., 1992) . These reports classified 27 HCV isolates into 'genotype V' [3a or group IV as proposed by Cha et al. (1992) or type 3 by Chan et al. (1992) ] on the basis of only partial genomic sequences of the 3' end of the 5' untranslated region (UTR), C, E and/or NS5 regions. In the present study, we analysed candidate 'genotype V (3a)' HCV isolates for sequences that covered all the regions used in the above reports.
In searching for new genotype(s) of HCV, we found four serum samples that were seropositive for HCVrelated antibodies and positive for HCV RNA by PCR using 5' UTR-derived primers (Okamoto et al., 1990) , but negative for C region sequences specifically amplifiable by PCR using genotype I to IV (la, b and 2a, b)-specific primers (Okamoto et at., 1992b) . The sera were from the following sources: NZL1 from a blood donor in New Zealand, Th85 from a patient in Thailand, US114 from a blood donor in the U.S.A. and HEM26 from a Japanese haemophiliac. The nucleotide (nt) sequences covering nt 65 to 1850 and from nt 8276 to 9394 [total (3a) . The eDNA covering region a (nt 45 to 847:803 bp) was obtained by reverse transcription reaction (RT~PCR using the primer pair no. 32/no. 122 as described previously (Okamoto et al., 1990 (Okamoto et al., , 1992b . Region b eDNA (nt 732 to 1606: 875bp) was similarly obtained, but with a newly designed primer pair: no. 50: 5' GCCGATCTCATGGGGTACAT (nt 732 ~ 751: sense) and no. 337 : 5' ATGTGCCACGAGCCATTGGT (nt 1606 ~ 1587: antisense). Regions c and d were sequenced on the RT-PCR products amplified with the previously described primers no. 129, I97, 199, 205, 206 and 207 for c (Okada et al., 1992) , and nos. 80, 165 and 166 for d (Okamoto et al., 1992a) . Three eDNA clones were sequenced for each of the four regions.
2905 nt; numbered from the putative 5' end of the genotype II (lb) HCV genome (Okamoto et al., 1992c) ] of the viral genome were determined for these isolates using the sequencing strategy depicted in Fig. 1 . The sequences were then compared with each other, against gen0types I to IV (la to 2b), and against the 'genotype V (3a)' from recent reports. The NZL1, Th85, USll4 and HEM26 isolates had a nucleotide sequence similarity of 95 to 96 % for the total sequenced regions of the HCV genome; the highest and lowest identities were 99 % at 5' UTR and 85 to 88 % at E2/NS1, respectively (Table 1) . These scores were comparable to group similarities for HCV isolates previously classified as genotypes I to IV (la, b and 2a, b) (Okamoto et al., 1992a) . Genetic structural characteristics of the four HCV isolates within the sequenced regions were generally similar to those of other known isolates. Notably, the sizes of the C and E regions and conservation of cysteine residues and potential N-linked glycosylation sites within the E and E2/NS1 regions were very similar (data not shown).
The overall nucleotide sequence similarity of these four isolates when matched against the genotypes I (la), II (lb), lII (2a) and IV (2b) HCV isolates were 73 to 74%, 73%, 70% and 69 to 70%, respectively. The highest similarities were found at 5' UTR (89 to 94 %) and the lowest at 3' UTR (35 to 65 %) ( Table 2 ). These identity scores are comparable to those between isolates * The HC-J 1, -J4, -J6 and -J8 isolates have been described in our previous reports (Okamoto et al., 1992d (Okamoto et al., , 1992c (Okamoto et al., , 1991 (Okamoto et al., , 1992a and their genome sequences have been filed in DDBJ/EMBL/GenBank under the accession numbers D10749, D01217, D00944 and D01221, respectively. belonging to different groups of HCV genotypes I to IV (la, b and 2a, b) (Okamoto et al., 1992a) . Thus, our NZL1, Th85, USl14 and HEM26 isolates appeared to represent a new genotype in addition to genotypes I to IV (l a, b and 2a, b).
Comparison of our four isolates with the previously published 'genotype V (3a)' isolates was rather complicated, because the regions of the genome chosen for nucleotide sequence analysis of the reported isolates were very variable, ranging from 5' UTR alone (Bukh et al., 1992; Lee et al., 1992) to NS5 alone (Mori et al., 1992) .
The NZL1, Th85, US114 and HEM26 isolates showed a relatively high nucleotide identity to these 'genotype V (3a)' isolates (Table 3 ) and therefore our isolates could also be classified as genotype V (3a).
Five cDNA clones covering nt 1300 to 1876, the hypervariable region of the HCV genome, were propagated from each of the NZL1, Th85, US114 and HEM26 isolates, sequenced, and the deduced amino acid sequences were compared (Fig. 2) . The hypervariable region 1 (HVR-1) previously identified at the 5' terminus of the E2/NS1 region for genotype I to IV (la, b and 2a, b) isolates (Hijikata et al., 1991 ; Weiner et al., 1991) was also identified in these isolates; however, the region corresponding to the HVR-2 (Hijikata et al., 1991) was not significantly 'hypervariable' in our present isolates. Hence, the HVR-2 is evident in only one genotype, type II (lb), among the five genotypes identified so far. It is of interest that published observations indicate that genotype II (lb) HCV infection is more resistant to interferon therapy than genotype I (la) or III (2a) HCV infections are (Pozzato et al., 1991; Kanai et al., 1992) .
The lowest nucleotide sequence similarity between the present isolates and genotype I to IV (la, b and 2a, b) isolates was found at the 3' UTR sequence ( Table 2) . The 3' UTR in the present isolates differed from those in previous sequences as follows: the stop codon for the presumed polyprotein was TGA and was not followed by an additional in-frame termination codon, and the TGA was followed by a poly(U) stretch with only a 20 nt long 
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Deduced amino acid sequences of the hypervariable regions within the E2/NS1 region o f H C V genomes derived from NZL1, Th85, US 114 and HEM26 isolates. Five cDNA clones corresponding to HCV genome nt 1300 to 1876 from each of the four isolates were propagated and sequenced as described previously (Okada et al., 1992) . The sequences for previously defined HVR-1 and HVR-2 are shown. 1, NZL1, 2, Th85, 3, U S l l 4 and 4, HEM26. A dash denotes an amino acid identical to the one at the top.
intervening sequence (Fig. 3) . The unusual 3' U T R sequence suggests that genotype V (3a) is an extreme variant among the five HCV genotypes, although overall nucleotide identity scores do not support this. Our previous PCR methods for differentially identifying HCV genotypes included two steps: First round (Okamoto et al., 1992b) could detect HCV RNA of genotypes I to IV (la, b and 2a, b), but not that of genotype V (3a). (b) An 88 bp long PCR product was obtained from genotype V (3a) samples by new methods: primary cDNA synthesis with no. 186 primer; first PCR with primers 256V and 186; and second PCR with primers 104V and 339. Detailed conditions for the PCR procedures are found in Okamoto et al. (1992b) .
amplification of a part of the C region using a 'universal' primer pair and a second PCR using a combination of a ' universal' sense primer and a genotype-specific antisense primer (Okamoto et al., 1992 b) . The 'universal' primers, i.e. universal for genotypes I to IV (la, b and 2a, b), failed to prime the amplification of a corresponding sequence in the new isolates. The sequences indicated that the sense primer in the first PCR, no. 256 5' A G G A A G A C T T C C G A G C G G T C , also had significant mismatches. Therefore, we synthesized new primers for genotype V (3a) detection: no. 256V: 5' C G C G C G A C G C G T A A A A C T T C for the first PCR, sense; no. 104V" 5' CGTAAAACTTCT_GAACGGTC for the second PCR, sense; and no. 339: 5 ' G C T G A G C C C A G G A C C G G T C T for the second PCR, antisense. Using these primers, a genotype V (3a)-specific 88 bp long P e R product was identified in all the NZL1, Th85, U S l l 4 and HEM26 sera, and no PCR product was generated in genotype I to IV (la, b and 2a, b)-infected sera (Fig. 4) . Our revised methods for the detection of HCV genotypes I to V (la to 3a) are depicted in Fig. 5 .
